A Mutant Standard Virus Isolated from Vesicular Stomatitis Virus
Persistent Infection Interferes Specifically with Wild-type Virus Replication (Accepted 25 May 1982) SUMMARY A clone of vesicular stomatitis virus (VSV) isolated after 76 months of persistence exerts specific homologous interference with replication of wild-type or tsG31 (temperature-sensitive) virus in a mixed infection at 37 °C in the absence of defectiveinterfering particles. Other VSV ts mutants showed little or no specific interfering ability.
A number of laboratories have observed that certain temperature-sensitive (ts) or small plaque mutants of RNA viruses can interfere with replication of wild-type (wt) viruses. For example, Stollar et al. (1974) observed that a ts mutant of Sindbis virus derived from persistently infected Aedes albopictus cells could, at equal multiplicities, interfere with replication of wt Sindbis virus at either permissive or non-permissive temperatures; Ker~tnen (1977) observed interference with wild-type virus by a ts mutant of Semliki Forest virus, Kimura & Norrby (1976) reported homologous interference by a ts mutant of Sendai virus, and Sugita (1981) observed interference with a virulent strain of Sendai virus by an avirulent strain, and he related this to earlier transcription and replication by the avirulent strain. Noronha-Blob & Schulze (1976) reported a variant of influenza virus which interferes in a non-reciprocal way with its parental virus in bovine kidney cells but not in chick embryo fibroblasts (CEF). Youngner & Quagliana (1976) reported that ts mutants of vesicular stomatitis virus (VSV) interfered with replication of wt VSV in BHK-21 cells at both permissive and nonpermissive temperatures. However, their results are questionable because they employed the 'interfering' ts virus at a multiplicity of infection (m.o.i.) of 1, while the wt virus was added at a 10-fold lower m.o.i, of 0.1. Therefore, in most of the cells, wt virus had no chance to compete equally with ts virus before the latter had replicated extensively. Flamand (1980) was not able to detect interference by ts mutants of VSV with replication of wt virus when equal multiplicities of wt and ts mutant virus were used to infect CEF cells. We herein confirm Flamand's finding that most ts mutants do not interfere significantly with wild-type VSV replication. However, we show that at least one unique kind of mutant VSV recovered from persistent infection after 76 months is able to interfere strongly at equal multiplicities with wt virus and with tsG31 mutant virus.
A VSV persistently infected carrier cell line, designated Car4, was established with a mixture of standard virus and defective-interfering (DI) particles of the tsG31 (Indiana serotype) mutant in BHK-21 cells over 8 years ago, and has been described elsewhere (Holland & Villarreal, 1974; Holland et al., 1976 b) . Virus was isolated at various times from Car4 cells by co-cultivation of carrier cells with uninfected BHK-21 cells, followed by plaque isolation and preparation of high titre first passage clonal pools which should contain only minute numbers of DI particles (Holland et al., 1976 a) .
Temperature-sensitive VSV mutants from 60 months and from 76 months of persistent infection were tested for their ability to interfere with wt virus when co-infecting BHK-21 0022-1317/82/0000-5122 $02.00 © 1982 SGM (50 3"5 X 10 ~ <20
* Inocula of equal m.o.i.s (m.o.i. 5) of viruses were adsorbed for 40 min at room temperature to 2 x 107 BHK-21 cells. The inocula were rinsed, fresh minimal essential medium added, and the infections incubated for 24 h at 37 °C. Supernatants were harvested and assayed for wt plaque-forming ability at 37 °C.
"~ Inocula of equal m.o.i.s (m.o.i. 25) were adsorbed and treated as above for experiment 1.
:~ Phenotypically, 76 month Car4 virus is a ts, small plaque, slowly replicating mutant clone. It was obtained by co-cultivating carrier cells at 76 months of persistence with 2 x 10 7 BHK-21 cells. Due to DI particle interference the p.f.u, yield after co-cultivation at 33 °C was only 2 x 105 p.f.u./ml, but the selected DI-free clone employed here produces titres of 4 x 108 p.f.u./ml at 33 °C. This is a more than 20-fold lower yield than is produced by the original tsG31 mutant clone employed to initiate persistence.
ceils at equal multiplicity (m.o.i. 5) at 37 °C. The data in Table 1 , experiment 1 shows that the yield of the wt virus was reduced over 300-fold. In contrast, the wt virus yield was not significantly reduced in mixed infection by 60 month Car4 and wt virus. Thus, there was some interfering activity in the 76 month Car4 virus pool that was not present in the 60 month Car4 virus pool.
To determine whether the interfering activity in the 76 month virus pool might be due to contaminating DI particles, we employed a sensitive assay for the presence of intracellular DI nucleocapsid species (Roux & Holland, 1979; Roux & Waldvogel, 1981) . BHK-21 monolayers were infected with a mixture of 76 month Car4 and wt virus, or a mixture of 60 month Car4 and wt virus in parallel with the interference assay monolayers employed for the data in Table 1 . After 8.5 h infection the cells were harvested and [3H]uridine-labelled viral and DI nucleocapsids were isolated, and their RNA extracted and analysed on sucrose gradients (Fig. 1 a, b) . No detectable DI size nucleocapsid RNA was observed, indicating that DI particle interference could not explain the interference observed in the parallel, identically infected cultures. In a control reconstruction experiment, where 60 month virus, wt virus, and minimal interfering numbers of 60 month Car4 DI particles were used to mixedly infect cells, DI particle nucleocapsid RNAs were readily observed (Fig. 1 c) in an infection which gave a 200-fold reduction in the yield ofwt virus.
We next determined that the interference of wt virus replication by 76 month Car4 was not due to receptor saturation nor to an adsorption advantage. We first adsorbed wt virus for 20 min, washed, then adsorbed 76 month Car4 virus for 20 min. We still observed over 300-fold yield reduction ofwt virus (data not shown).
It was important to determine the specificity of interference caused by 76 month virus by observing whether it can interfere with heterologous VSV New Jersey serotype. No significant reduction in yield was observed for the New Jersey serotype in the presence of either the 76 month or 60 month Car4 viruses (Table 1, Roux & Waldvogel (1981) . The RNA in the nucleocapsids was analysed on 5 to 23 % sucrose gradients by centrifugation at 45 000 rev/min for 110 min in an SW50.1 rotor. (a to c) Sucrose gradient profiles of RNA isolated from nucleocapsids of infections initiated by mixed inocula of (a) 76 month Car4 and wt viruses, (b) 60 month Car4 and wt viruses, and (c) 60 month Car4 standard virus, Car4 standard DI particles, and wt virus. The black arrowhead indicates the position of standard virus RNA; the white arrowhead indicates the position of DI particle RNA. The virus-virus competition conditions (a, b) were identical to, and carried out in parallel with, the experiments in Table 1 . The virus-DI particle conditions (c) employed wt virus and 60 month virus at an m.o.i, of 2.5, and the DI particles at an m.o.i of 500 physical particles per cell. Note that there is only about 50% decrease of full-size genome RNA synthesis in (a) despite the strong interference shown in Table 1 . This occurs because the 76 month virus replicates its genome RNA efficiently while interfering with wt virus. interference properties of DI particles (Huang & Wagner, 1966; Schnitzlein & Reichmann, 1976) .
We next examined whether earlier virus isolates from the Car4 persistent infection could also interfere with wt virus production. As with 60 month virus, no interference was observed by virus from 75 days, 34 months or 45 months of persistence (data not shown). We do not yet know whether virus isolates subsequent to 76 months of persistence can interfere with wt virus, because these highly mutated virus variants are very difficult to clone for DI particle elimination.
To determine whether other virus mutants can interfere with wt replication we tested the Flamand (1980) . We next examined whether 76 month Car4 virus could interfere with tsG31 replication. In these mixed infections the 76 month virus was used at an m.o.i, of 2 and the tsG31 at an m.o.i, of 60. Table 2 , experiment 2 shows that the yield of tsG31 was reduced over 30-fold even though the 76 month virus was present at a much lower multiplicity. Thus, the 76 month virus is also able to interfere with the original tsG31 clone which was its progenitor used to initiate persistent infection 76 months earlier.
The specific mechanism of interference observed for 76 month mutant virus is at present unknown. It could be similar to DI particle interference involving competition at the level of RNA genome replication, possibly due to altered replicase initiation sites (Perrault, 1981; Lazzarini et al., 1981) . Mutation of VSV genome termini during prolonged persistence has been reported previously (Semler & Holland, 1979; Rowlands et al., 1980) . Many other mechanisms are possible, including trans effects of mutant virus proteins on challenge virus transcription, replication, nucleocapsid assembly and/or maturation events.
